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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the soft 
magnetic characteristics of ferromagnetic layers 
constituting a GMR film and to suppress the 
deterioration in magnetoresistance effect characteristic 
and sensitivity accompanying the temp, rise, etc., at 
various kinds of heat treatments and uses. 
SOLUTION: A soft magnetic layer 6 is imparted to the 
ferromagnetic layer 4 constituting a ferromagnetic tunnel 
junction element 1, multiple ferromagnetic tunnel 
junction element or GMR film, such as spin valve film via 
an oxidized film or nitrided film 5 of a metal below about 
several atom layer (1 nm), which is more liable to 
oxidation or nitriding the ferromagnetic layer. The soft 
magnetic layer is imparted to the ferromagnetic layer via 
the oxidized film or the nitrided film of the metal of 
about several atomic layer (1 nm) which is liable to 
oxidation or nitridation than the ferromagnetic layer, by 
which the oxidation and nitriding of the ferromagnetic 
layer accompanying the temp, rise, etc., at various kinds 
of heat treatments and uses may be suppressed. 
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[i£fc>S2 3 4>£ <«h«> iioSiiffigt. taiffi&flBt 10 

tt^sira>s uytsasiis^-. 
isms. 3 3 8r«f*-cfl-»T3 nfcsaats»t4^*wr 

[19*54 } 4>fc < <!: 2BO^)SEM4JSi . Sfr§BS£SB 
1t»W«:^3n/c^SSttB«i:5raflir^ia^^«:*J 30 
<<>X> 

«fc 0 Btffc* fcKSfb l^f t,>&JS©BMtia* fctt^tg 

£K£018^t^m£26^3tt£C±£!$®£TS« 40 

U *-?faS£J5ttA 1 . Si. Ms, Ti. Ta. 
V. Mn, Cr. Zn. Ca. L i fc £C*#±5£7g3Ij&> 

ffia&©esu&^£ t so 



#§32 0 00-20 92 2 
2 

[ooo n 

[0002] 

T, MR^ilST) W. BBSi^? F. GB£vfe>-nc£ 

mmzmzmsmmztix^z. c©j:^^mr5R^-«c 

[00033 &ffi&#*fflt<>ft:MR3B-«i. i&g£®£ 

imffi&mttm^t^szstiftmzmLx 

to •) . S N i F e i'C^fiBtt-^^ltK** 

*j§sftT#k. i/*>u zvmmBBmtmt 2~» 

[00043 — jfi^ * f>(D^lS]tCfi5c#t-CE^ 

«m^^*%*-rt*^<!: ox. w8!&&sm±mB& 

^litia:. F e/C rAX^&^BCPhys. Re/. Lett. 6 
1, 2472(1988)). C o/C U AXtS^JfiO Msw. Maq. M 
ater.94, LL(lSW)^^©^B8ltt«ia<Z)«Ef¥^*S^ 

[00053 Si«14^SBia©^fiR14fg^% 
ISic^^tl^mS^OX^i, $tlt> ±Ml>tc£ 

i ?te^k®£mtm& (gmr> *^-re?HK^*$t» 
«c®c«sst#f**5f#6 i i > 5 rasa***. 

[0 00 6 3 *Ct. l&lstcZ^tjiGMRZi&DMSL 
tetn3^«l^*V7 Kt-r^/c*(c, Ni-Fe^Fe 

^5-206540^&^«C <b*#M) . C<DJ:5ft^lS 



2006$ W 8B 15144ft ITOH INTERNATIONAL PATENT OFFICE NO. 8788 P. 9 

( 



3 

Him. **UttHDDft©®gJ^^^K:j:££B&ft 

<t©RgT'$*^>y&£'#j|ac«). GMRSWfffi*) 
«ft l/T t> S 5 <*: t,»5 5 . 

[0 00 7] COJc^ftfflSfcafL-C, miiNiFe 
JI©STB£&{bl>rN i «>F e©Kfbfe£#fi;*t* v 
©±CC* tf »Vl>?mi3:£<DGMR&Zfctfi? Z> Cite 
«tot; Ni^Fe (DmUtoZMtttiVi ')+t OTiS 
fll3-t**C£#^;*ftt<,>£„ fl;Ui. CoZrNb 
/NiFe/(Ni-0, F«-0)/Co, Fe/C 

U WS^UWa««CJ:»)l»f3^5ai«)l (Co, Fe) 

*rCt,»SO.Appl.Fhys.79(8), p. 6399, (1396)) „ 
[0 00 8] l/Hm. N i F eS<D£5ftm&&. 

mvgmzmit l/c&cc. c o £«MLfeGM 
J: *^ffi$i^bs©5e{b©i£:£i->fci:«i* £ n s t© 

(3. Iron steel Inst. 160, 261(1948). Physical Chemi 
stry of Metals McGraw Rill, Nevtfork, 1953), HDD 

$**263prr*GMRgl<t>©C o, F eJg£#*sgHbL/ 
Tlvil,*. 5e^ffia^*#^iBS^blv-CL,|E^i 

[0 00 9]— £\ ZV^m?®.fLi:\Zj't}-ZAZm 

#jaasft-cus„ cnii r?©$8£i*fe£jsefwit3fs 

s^fe^ifeiy-c^s^igcD h ^^^asse^jfflrs t>©-c 
c©<fc5&h>*^«&£*iffiivfcffi^!n&* 

* 9 , * fcit&lft*;* &SB£«at/tgE{biS**f5 fc© 

[0 0 10]o2 0 % *$J5:^tKtaatl»#»6ft** 
fc*>#^©**fc^SB&Sfcm>;teSrajg£y7 Mb 

BS©«W81*{bK:#i>Ti*&*£7r'r*>©©. na^a 

J^*J#£*'«B&&*S${bL/-c V tL 5 1 1> ? fSIH#3i£ir 
ttH&<*<D©fb**3<**eft#&»), C©3£aBt$J8©& 

ib«c<i:»)iasys5iS&«?s&^Ma*i5i&{bb-co* 5. 

[00113 



(3) ^20 00-20 922 

4 

amm^8£©&ft£8BMT* ctammt^nx^ 

[0012] *2&9!ttc:©<fc5fcS|®Kttte*S/csi>K: 

10 mBmmz&±.zitzt&K:. &mm&*&m<mic 
tvx^z. 

[00 13] 

rate h >*^«t>f£*^ufg5J5$*wr>&st«(*ei«: 

20 ^«fT5J5SSl3R^{c*JtiT. §ofa&5ftt£g©5*>i!>tt< 
[0014] #SW©ISf2©®£U^tt. SS^12«:IB 

*mm#to e. * 1 * j^m 2 ©^bsis t 

30 13. iriB^^^^^-s^jsetctt. igig^^jgs 
HJ; 9!Hb* fcw^Yb u^>-ri<»^«©^bK* fcra^Yb 

US. 

[0015] 49Wi<oai3 ©a^-? 3 tela 
suss*. ^fe<i*>-^r*se{5Stt^e.^^i*j<fc 

14sJ:V3ii2©£KJ8©$*i, f!fffi»®|±(*J&>?»*?»^ 
[0016] ##3?3©!fr4©fiB£^tt. 113554 teffi 
JSttSJ: 9m*fc«^bU-?>Tl^ei©BMbl8*ft:«: 
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[0017] Jti£Lfc*ftW(Dm§3&tt K 8B3K^5(C 

RBAI, Si. Ms. Ti, Ta, V, Mn, Cr. 
Zn, Ca, L i*s«k^#±S7C3g*>t,ilwn^^< 10 
4fc ia**»fc£C4##£tA>. 
CO 0 1 8 ] #!6?3<DiBM-te>t>-tt s S9^^7K:85S«L 

[0019] **M<Z>OftUR?<e*rt>'CM:. ffl&t&H* 

4*4. 30 
[0020] 

[ 0 0 2 1 ] H 1 W*^Wc3^ 1 oaS^^<D— HJfeJg 

«4 4<D|fflfch>*;USifc*«st,©*J53. Jltttttctt 

[0 02 2] *UT. Sn&J:tf3li2<D3afl&&ia2. 4 
©^^-^©a!Sf4B4tt. ^SattH4<k»)8SfbSyttt 
Sfl: ^-TC^JKOBK^tSX fctt£tfbfil*» 6 StS^BSfb 

[0 02 3]»l*«fcl^2<D5*HHaBB2. 4tt. 

«^aasif {c j: ti &sBt£B 6 *s##s nfcSHBttB 4 <o 50 



#§§2 0 0 0-2092 2 
6 

[0024] Ttt*>*. ersatz h ^a***? 1 ©a 

B^lfiltc-fe>^«iiSl*^LT. suasion ©3SSB& 

S2, 4B«cf>*.»i'«SB*»-r. mi*s&tm2w&. 
i»r . &m& h 1 ©fiK (i&ffimsxfo 

»2©^f4B4©^tr>^«r^SW«|fia^{cJ:0S 
tfi»fi*4fc£, COBS, mi<D^JSffig2CD^tr>tt 

C©J; 5 * >*;W*Sa*^t?-fe>^SiifecDSEE^aj^ 
C 4 ft J: -? r, i'WK 

[0 02 5] 3fU*5«fctmt2<D5&8tt£B2. 4<D5*>. 

t«J:5KOttJ:i». £?c, 5HGM£JH2> 4ttJgS^ 
~ 100nni|IK'C*£t4a*#S5lA». 

[0026] mmm 2 . 4©«t^*t«:»is^ <^tt 

& Co-PtM. Fe-PtM, &®&M-%r± 

f*JCiW[R»tt<. A-vct^tcf^sti^F e-N i d 
Wm&fH? F e . Co, N i *J «tCJf-eil 
^tr>^o^i 3 -?^i(-f f., CrO, , 
RXMnO,., (R«#±^J5. XUCa, Ba*5.fc 
CfS r*>6jStfn*^>«:< 4fe i«CD7o8. yti otCifi 
IHft) * £OWHkXBl£«m. N i Mn S b, P t M 
n S b <c 4'©^ X ^ — £«rOffi-r -5 C 4*i"C* 

[0027] ^i/U 5 «ettttfirn4ca, a 

g, Cu, Au, Ta, B, C. O. N. Si v Pd. 
Pt, Zr. I r. Mo. Nb, Al, Ms. V. 
Mn. Cr. Ca, L i fc 4'©#RB&73R*>3r2>$£ ft 

[0028] SSSttJS 3 ©*8^^{C««S^ai©$f^ 
«r^WT-5C4*Jr#, matt A !, O, , SiO, , 
MgO, A1N. Bi, O, , MgF, , CaF, *4* 
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TfeTOfWHttfct*. §fSt*S3©I?Sttf->*;i^ 
[0029] fitTJftfc" V+ts:££ OX&fe?Z£m<t 

Kits fcwsft L,vT^&&<om{tm*tQU&{mtp*> 
nz&vv&z. ccr> &®&@4 ©»«£#**<£ ok 
{fc$fc»^tL-?>rt»^)gil3:, W*.WM*>6> 30O'C 

/$gffix*/I^-#C o^N i tCftg3ti5&S8ffiI4 

i ^a5<0«J5S7C^<!:^'C», m«Al, Si, Mg, 
Ti. Ta, V, Mn, Cr. Zn. Ca. Li, #± 

[ 0 o 3 0 ] c ©<fc *> fc£dS^©Bt{fc&£ 7cB£ft«j 

frhf£Z&mi^to5<Di*2\zim*mwg.. urn* 

-f 1 ©S##fc£^& iLt ©SSBStt® 4 t W&M 6 £ 

©ro©8Bai8Wclg£#WftT i/$ 5 &en*s& o , &B 
i^4©iH^4^©##a&s««»e>*i& < fcs. 
too3u mmM4<zw&m&ttmrzwm 

JB8KB. «*©#»t^&*£#T.2>C£*J-CS. 0* 
i«Ni-Fe^, Fe, N i— F e (CM o & tfODjc 
**WHL*s»«. Co-Fe-BKo-Zr-Nb 

© <fc 5 <tr r t'z&m? z cttrc 

s*£. C©<fc5tt&8&t3Jg6©tt#t;t, <BICCo*>Co 
[ 0 0 3 2 ] •£ L-T, CO£WtHM>2B»tt h >*;H8 
fiEH&H 4 (DWimm J: *3 8Kb* fctt^tfb L ^f^s&JK© 
3fKt!feB4tctt-^LTl,>*fca£>. 

[ 0 0 3 3 ] 2 6tC. 06^B£cr>2iKjg£fl9_bp?^8fe 
*/ct*^<tlS^e>3:-5^iSft^5® 5 K<t 0 33888* 4 

1 ©«Fl4©$£<b£a*> £ t *$-Ct . 3£& 
{courts. 

[ 0 0 3 5 ] 0 2 tt*#fe9J©3£2 ©ffl£U?t*©-0SJSSJ 

i o«, m i ©£jsjg 1 1 /§sis&® i 2/§& 

fia&Sl 3/gSSttJBl 4/SI2©£J|5«l 5*iK=>&-S 



(S) #6820 00-20 9 2 2 

8 

—73. !&2©<£jSJ31 5tt3i^^J:tf#?&t£&<pi,> 

[0 03 6] ^LT, ®l*J<f:^2(^JSBl 1. l 
5 © 5 -5 . < £ fcBffiSttflcfc 1 ©<&JS« 1 
1 tt, t©3£}»&&J£JS 1 1 «£ 9 8Kb* fctt^fcL^T 
t>£JS©K^£fcttg<fcj8a>6tt£^ffc^®i 6 

10 ©£JKB 1 5 fc5tS813:frT?«fi&U C©3si!8&&J£J8 1 

tc\m<mfr*>izz>$tmbs®mi$*-fthx, mm. 

K<fc-?T. ##£BJ©J|l2©ffi^^£Lr©^ffi5£«BIS- 

[0037] &m&£mm 1 1 J&m&m 1 3 

<Sg2©=£JiIJS 1 6 ^fi5tt«rc«lfi£-r.5J©^*$tr) 
«, ]»aLfcJfri©$e^^Sli^8^LfcJ:5fr 

t>. 3§«#;J812, 1 4«Col>-CfeP«-C*i. 3E/t, 

K*x-$>z>. 

[0038] m2<D&mm 1 5 zsmttmx-mm-zm 
^, m 1 ©^ae 1 1 i^2©^js® 1 5 tw^ro ^ 

30 ^SM^r^L/. cne3*5fiEt4M©^fc?:i:i,»{i:K3mf 
C©«fc5^^WJC»^3#fcfRB|accJ:n«. S{ 

[ 0 0 3 9 ] C©J: 5 fc£SS£5B14 h >*;U^3f^ 1 
0 ICJBU-C. 5SSa<±Jl 1 3 j± 20©Stt>glS<*S 1 2 , 

14. Tte*>^ 2o©h>*^®(cj:ot:^*nrte 
9, s^«»ai2, i4^L-c^i©^jg® mm 
mm 1 i t&mm 1 3 <b©ja*sj:cF5fifiBEi4B 1 3 4 

40 9Z®^« <2mft£fcttm££K) 15i©!a 

5„ -r^tfcfe. st«»ei2. ut^u, ssi©^ 

JS@ l 1 . mB&m 1 3fcJ:^2©^)3« 1 5©|B! 
tc. 2m©^teh>*;W^*sBsK3n-C^5. 
[ 0 0 4 0 ] C ©J: 5«:®®K«:iior. SHBBft® 1 3 

3W+^{cp8Et»is^K:afi-7^(*K: «fc sssatta l 3 cctt 
m&mw&LZtiz. *lx. et!att«c*>e^i^i© 
^jsb 1 1 tm2<o£mm 1 s t©fs«:^ftWE*EtJ 

50 h) nciK^oT, Xf>fl!(ffh>Mii44l; 
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z&zctv-czz. comm. <t£$t®i 6%ftox 
m&&m 1 7 *tt5-i,it.mm£fgm 1 1 <o^ycyn 

[004 1] mm&fiUS 1 1 OT. tT>o^lRlCD*4^ 

#3? LfclStftto&x* ;U¥~J«fit#JgfiS ? h $ £ ? ftj? 

Ktt5n 

nfctTT**. ^ri*J<fc^2©^)SHl 1. 15©J5 
S«!tf«:|K5E?tl5fc(Dt?«^< > 0.1- lOOrtm 

[0 042]^ &mmB&rzwmm i 3 t* 
astern* mmmi sz&wat 

/&m<t-&&m 1 6/StiStt^B» 1 i/ssfsjB 1 2 

/ <3£aat3Ug 1 3 /ffSf&H 14), /£JS® 1 5«jg 

*1 OCcfeorfc. SfcBBttt&Klgl I K.*<Dftl8,mU: 
0 8Mb* fctt^b U-?>T i<>£M<DWUm& fcttgfbJBifr 
*>fc-5:&IB{b£««B 1 6=£r^^r«:fiBrtiJgl 7£tfi*l, 

Siffi!a^^<D9efb©fiF^(r^»J»«tJ-ra«:i.^-cir, 3 

«>, S35ifijaS9*m±<D®ffi©^{b*IW<Ci*Jaf«gt 

£ffi3S5Bt!fe h 1 0 ©#1&D3c;^b£ia-& 

Cim. ^^ffiteh>*;t>&£3RTl 0©|*sffil£ 
jSat>£ c £ *s njfig* &<s. 

[0044] #(C. *^|9(D»3 <Dfia^^©3?i©^SI 
«C-Pl»-C^4. 40 
[ 0 0 4 5 ] B 3 tt*|£BJiCDSir 3 CWfi^^CD-HSfe^ 

18^38^2 ora. miv&mm mm&&) 1 i/st* 
ws 1 2/ss«#2 1 T#iff;*ft/ca®tts&&? 2 2 * 

^S5SE8&^-^-/82 

<o£mm (&m&&*tc\xmm£&) 1 5 

5<d5%. ^fc< £fc^t*#*>fcft.53n©5&Bjai 
it*, coymm&mmi 1 .toBHbSfciigfbL^T so 



#gS2 0 00-2092 2 
10 

^^J5©^bjgsrctt^bi8^e^4^Bfb^s«i 6 
^lt. Daattai 7ig?«?tiri>-5». cne>&jt 

7- * W ^^S9jfi«tt h >*>l4g£*^2 0 
[0 04 7] fcfc, S&fiBttsfeJSJSl 1 <Ht2<D£J£Jgl 

TSCtaJSfSU*. 1 2. 1 4«:-?t,>T«>|Sl 

*TC&£. Sfc. &J8f&£K)gJ;9BStt±;fcB3|{bb*> 
-rt>^S©©{bJg|*fe{*S{bBI=<»>e»ft-S^JS{b^})l 1 
6©«teJc«^-f>J?3. fKKfc^l 7 <9«0^fr 
l^T LfcS ?) t? * -S . 

[0 04 8] 5Si?8i4^v^*7-"H2 3«. Sl«i*2 1 

*{c^i4m j F2 2^asfieaLfcfe©-c*4. co 

^7-^7-B2 3tt^il>tfP>-o#*S*oT^ <: k<. g§ 
«ft l 2 . 14 -c#»f;*tx-cvftttJ:<,\ 
[0049] BtfiBtetRti^ 2 2 tCWS ^©Sfe^**^?: 

Co, co-pt^, Fe-pt^, 

^-»^-B2 3«rSBt58ffiK^£*£gSlyfc»J. ?S 

[0 0 5 O] 5*aa^^7^*^-JB2 3<C*t**gHH£ 

*i^8EK4JS^2 2«i^*C^iE^ajR8^ 

■TSCi^iOO. i/c, ?»?Ktt^^^*7-B2 3 
f(D«[Jai*mi4^2 2 «. -eti^mft^RWC h>*;U«S 

[005 1 ] ^ V 'J ? ? X£mi&TZ>$&&fr2 lilt 

Al, 0 3 , SiO, . M«0, A 1 N. B 
i O, % MgF, , CaF, , SrTiO, ^£'©3^ 
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(7) !|$BS20 0 0~2 09 2 2 

31 12 

coo52] m®&i'7~x. ; 7-faz3te> jgErtcc- [005 8 j m^n^m^^m^m^oy-mmm 

m&m%\&zm?z>t±ivm£b<,>. ctuc^^x. moEmsMZW&ttoicmTmMmx&z, WAicm? 

MmttMium,*mt? c t&x&z £^(c, mittm m&m?- 3 o«. isi <mm&&m® 3 i /^e^a 

-®2 3<DJK»{J^(c$(fP£5*i?,^©'C«^^«J < fpS? 3 ltt^ft£9&<ffc$fcttmi^*^^©3MtBI* 

[005 3) ±«0)ftJt9ajiii©*)iw {%m&m B3 5£SS3ivcus 0 c*i^«w»jR«cj:-9r. 

*7-H2 3i»2<!)^ISIgl 5±©ratUi, -?-n-e*a ao (SVSGMR^) 3Qtfi&tiS.ZtlX^ 

Sf«#B12. 1 4£:frL-C, IflKDsfeKJgl 1, [0 0 5 9 ) SIT 1 *<fc^2©S8t8tt£13B3 1 . 3 3 

SSBtt^ ^ -S 2 3 *J J: Z?n 2 ©£JSB 1 5 ©IS tt, fl* tf ^PfiSEWec <fc 0 3 5 tttfs*$titd£ 

tc, 2s©£s»i8&h>*;ui£w&£;*ft-ct,>s. »i4ifeisa (vy-e) 3 i©^t>©^fSj<D*.%^ft 

[0054] c®m8&Bo{f7-*.7-$<{-7o&m. ^-esci^fiiisnrijo, cnccfcOgASSvts 

i lJc-eo^fiStm-t^K^^^bt/^-n^© [ooeoj f&fofc, miiszvftzvmm&m® 

mt&*1c\^i\&frhl3;i>&mibe;®m\ GZALt: 3 1. 3 3©*£>#l^t;;^*fflU>TV>£#ilK{Cfot,> 

&IS1*feBl 7£tt-5LTl,>S7ttf>. *0»T--^MS T. m«K<Dffita«S/h<i:fe»). c©#3!ga»e>0 1 

su-rscttf-c*. £e<c£KBftDS8sajK<D±x-f> ^sciKJ;^, «BR©«#tt**:4&<&. c© 

^^fisstt^jaa 1 1 <vmt*>mtzw m, #2 ©sasteksiB 33©^ ^\mm&^icMv 

©iTSCi^-c^SfcBt). ^Jgt^&#t3-©sgig:©£ msnfttt:®63*iT(,>.&<J:$K:-r-& (t>B) . c© 

^oss±B«:*N-^^seEiatth>*^^^-2 0 oaffiss5Srsctocj:-,r, <t-^fis^<h'©?fspm 

@^^2 o©^tt*^*SK:iSa{)5c:i*ioiffi < b& [0061] m\omw&3mm3 1 ©*tf>©;£[6l© 

[0 05 5] 3 ##69i©lir3©S8£^K:*JC> ^m^<D^m}<0^i£^mmi>tc*). $>Z>\.>\3&2 

T. W^7- a 7-)82 3B lBtCEe.n5^©-C 30 ©&Sftf££J3B3 3 ££3SKf4:]g£SBLTEa<fc£@SI 

*5-12 3a. 23b£^«#Bl2, 14a, 14 [ 0 0 6 2 ] Wm&fcMZ 1 , 3 3 Ktt. &m<DM& 

b<b££EK8&«IgEUT, 3S«_h©££a*iati: h > &mtm%®m?ZC m«F e -N i G 

ucsbisb 1 7 /&mit&tom is /mi ©&kb 11/ o , n i * * *n <=» fcstf^ft £-©«s^js*m# 

I53#B 1 2/ <5*fiBEtt* r ^^-»7-B2 3/SSS#B mSSm, »SBtt^«B3 1 . 3 3<DM$K 0.1- 1 

M) , /mv&mmi sm&<mfs& <N*i:a oorwas4-r*c4*sjfSLc>. i?t, #«HfcfeBB3 

B80 *«fflT-5Ci*s-CS5. 2Ktt, Cu, Au. A sfcJ^Cfte^tf^S^S 

[0 0 5 6 3 BStiS^gffitCfa^rflSjg^jST^^-^ BB&&£, m*<D}m&&mffiW:&m?2>Ct.tfiX'Z 

-S©3S-?--C*»3, SStSflStt^^»7-B2 3a. 2 3 40 *1SS^BIB3 2GW53» O.^lOnfrigeiT^C 
biil«#Bl4a. 14 b, 1 4 c ifegSKSBt, 

fcSB^hK:, m 1 O^RB 1 1 t.%Z<D [0063] ^C*J, SHffl^@SB3 1 £*)mtZtci*& 

tcttB-cm&z o . $ 6k&&jk» i 1 . 1 5 ± 3 4 wmsxm^mz . «csateB 3 5 vmttmft 

«c^«ft^B 1 8*^-1. r^sseys 1 itm^nx t-ic-mxit. mftLftmtmmtmmtTzct&fr 

5a^3R^-«StlfflftlX$KB€:fflt,>r^SfcfT3?-raci*J [0 0 6 4 ] t^^lScDsvSGMRjR^S 0tc*i 

"c**. . ^xt. w\(o^m^JSts3nc^(om!mmJ:*)m 

[0 05 7] ^{c, *^©m4<?)?astlR^©IU60« lfc*/tttS{fcL^-r»,»^S©SWfcJS*fctt^bflS*e»^ 

tC^T^i. 50 S#«ft^I»3 4*^Lri>aSltB3 5 5:#^LT^ 
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(8) 

13 

m^tffi®m$®.G>&&<D'£1t$:V5 <" t A ifi nl«g A ft 

VMGMR3H-3 0 ©8H4<DS5£4t£0* C tifix*. 
S VSGMR3R^3 0 ©^Bte£*«CCi5&.5 C tim 
StAfti, 

[0065] S c,tC. *f&§l©SM©&SUR*«> 012. 10 
«@7 K.m?& ^ft^aT** U> > h £ -< 

ayrrfcc a -rftfo*^ mmsmm <t-> 

«) 3 3 /im&£B,m 3 2 /&Sgt££JISg (7V- 
m> 3 l/£JSft£«?«3 4/»fiffl4S3 5/£J£tt£ 
mm 3 4/3£5B14£JS)S ( 7 y HB> 3 1 /#$8tt&J£ 

S3 2/3S&&&KS <e>»> 3 3«es%<»r*iim-r 

ttaflBfFOfcfflfctttt. €fcfe©MR3^A|S3«Ce, 55^ 

fcj§ffl:i-2>CA**-c#£. 08-01 H*^W<wa» 20 
F A 0 TOTT S t&£t<Dm8mW£mt 

WMl&X$>f>. 

[0 0 6 63 08*$J:tf09«, SVSGMR^3 0 

o^2©^«tt^iss3 3 tmuxmrnmrn* 1 *E 
[0067] muc. *&w<Dj% i , m2 toxvms © 

W&&&-KisVXi>. 01 O*j«fctf0 1 1 Knit*! 
K % JK3S83fflg4 l =Srfi6fflt,T5SlHttS4 2<DXtf>4 30 
B9«-r*CA*s-ca*. K9l0KttBI4 ItCtt. FeM 
n. PtMiu PtCrMn. NiMn. IrMn. C 

oo. mo, Fe, o, r*£ottoimm!mm% 

®m?*>ti;1fiX*2>. CCT. 3l®t£i4 2«01tC 

3fc*5l**5881£^-*7~B2 3 > SfctCtt-eiae. 
AI8?SfcA©««JBttA"e*!K *e>#H§3ftfce 

[oo 6 83 H8~iaii tcmrgmM^? fmrnam. 
tca^x, &m<m$\tm (msms&umm) *& 40 
z c a xsmtsm^ ? f *fa*r $ c a 

ft Sufi's y F«KtCC48t»-C*>ffifllTSC:i*s-CgpS. 

[ 0 0 6 9 3 s/t. msmmmm^ » fa lt«u$ 

4m©ttS%^55MBttJR4 1 £#^3* bT 
^»U^im^(Ci[|fi(SSMBaR4 1 *{tf#Lft 
< fllx«0l 2-^1 3{c^-r«k5K. 50 



^2000-20922 
14 

JK&SttttJ^SrWT -5 £«&4 3 . £ tcit 7 = ') ®,&& 
J84 l£#-^-Cfe«fcC>. Wc. 7*ySBtt£«R4 4 

AKijr^r. — ^^^Wfc-^jgtctt^sns. cn 
&Wfitt»ahcpWC»«cAASSSU<. Co- 
Pt, Fe-Pt. Co-Pd, Fe-Pd. Sfcittfr 
±SS - »»ftMSM8ttdA«; A**ffll» £ A «fc D 3*t»-# 
[5lS^14*Jf#6n$. flc*. H 1 2*J«fcWgi 3tC*Jl» 
T. 4 5 tt|^Ufc«KW»rcmt^«t«WF««fi)( 

[00703 ^An<o»fl^«eeMetH(?(c 

jSffi'T4iS^<D^«IS{Cot,»*CSIW , r-5. 01 4-0 

1 8 i^iBn9ttM»?-%«iMeitx?-A hxtim-rz 
^vmtfm*m?vm®x*>z,. 10© 

tifiXSZ. 

[0 07 1 ] 014*JJ:CX01 5ttK^WL*S!Sb 

It, «85&®4 2CC«UTJSai5aftJg|4 1*iBSt>. C 

ot, Si?attB4 2©^t>=£- 5W*KH»Uri»*. 
^581484 2tt01 Cc:fet*£5£$8£»2. HZKW4 
SiS14^Sai3. ®3tC43W-S^5S14^7-*7-e 
2 3. $ e>Ktt^ft£AfSm#A©&JBj£fcA*-C&*. 
^5fb^J« 1 6 «r^L-C«C«Stt« 1 7 

[0072] 016, 01 7*J«kt)f0 1 8 OM>K 

**#wrt?*wBrcA**rt*. 01 6-01 8tc 

Jst>Tr», ©CffitftJS 1 7 A38Bf£gl 1 A©SSB&WS5 

*a tmx*> *y . a Lx%mim a 2 ^>«nstt 
[0073] c©ie. a®g a ti z&m&vmmm 

{tR*^H»fc»fe^^'C«»ttJH*#^rSC AK J: 
[0 0 743 *br. 01 9{c^-TJ:i>«:. ±^Lfe«fc 
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[0075] ±j& Ltc± 5 ttxmivwsmtt, &m 
vmmm^ ? f , mn-z > v - , m^ssmmi-te mm 

mt%< . Si. SiO, . Al, O, . Xtf*;l/. M 

(o o 7 6 j $/c. ^mmmmv^ b tcmfm&om 

CC. flIJLtfAu. A?, CufcJrO^n T 

im^mmmzim-rzc mats® 
tcm*T&#mm#6MMom6. au. a*, cu 

*J<fc^-en60^ A 1 , O, , S i Oi . N i o, 

[0077] 
[0078] 1 

**-?:*»*Jll>r. S i O, S 
SfcJctfAl, O, £«LhCCNi, Q Fe l ,£30nm§|Jit, 

/c«cca 1 (o.smn) *&ru &«m* A 

U"CA 1 Zffltbfc. ^>"C. Co, Fe C2«n) =&|£J& 
L/c«, A 1 (tarn) ZfmLXzf^XvmitLtc®. * 



(9) #g§20 00-20 9 22 

16 

<£>±«CCo, Fe(10nm)/I r„Mn„ <14rm) 

l/fc. Si^fiSlSBNi^Fe,.. Co, Fe, Ir- 

Mn. Al^^yhiU Ar#*JE lxior'Torr 

[0 07 9] -eofiS. Ni„Fe,,/A10, /Co 
, F e/A 1, O, /Co, F e/I jrMn#3§(£>80M 
m 1 fi<D h >*;t-^?rfl£SO/c. *<D8. fstf** 300 
T»r«»«WIM!HB*m». I rMnCT'Py^S 

10 Ttfr«tt£flsa£<*ti-;fc. 

[ 0 0 8 0 ] C<£> h 27o*cc«b$|8!t-- 

fi»*02OtC^T. S2 OK^ctMrSCC. 88£\ittn2& 

5M#gi*. =80e 6^*>/i^tj:mm-c^izmn 
[008 1 ] ttc. h >*;t^£-cs>i§mj§#s i 

O, . A.1N, MsO. BU O, . Me F, . CaF 

20 , ®£»<iiaiflkDMn«^u h^jH&domgft 

ttBtncLfe. 36(C. Ni-FeiCo, F e i©tffl 
KKWfcCo-Fe«fc*)t>SWbL-f>T^^JS», Co- 
Fe «t'5fe^tL^'n>7C3Rt?*n«J:< v Si. M 
e, Ti. V. Mn. Cr, Zn. Ca, Li. Gd& 

[0 08 2] 

[»1 3 
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CIO) ^$20 0 0-2092 2 

17 is 

07— —/t : 270KC 1 ooh j 



Sample 


MRC%) 


Hk(Oo) 




7— — /Hfe 
Hk(Oo) 


flOnm) (O.Bnm) C3mnXl.5nm)ffinmX20nm) 




8 


10.1 


8.2 


Ni80F«2Q/AlNx/OoF</AIN/Co^r2Mn8 
OnnO (0.7mn) (2i*tiX 1 2nm)(4na\Xl 2nm) 


13.2 


7.6 


12*8 


8 


NiB t Fel 9iAM)x/Core/CdF2/C<k/PtMn9 
(!2nm) CO.Bnm) 0 nniX2nm)Canm5(22nm> 


84 


6,3 


8.7 


8.7 


f^F«t7/AINx/C^F^Am/Co/PtVnS 
(4nm] (Iron) fcnro) (1 5nmX5firtiJt20wn) 




7.9 


I5j9 




M*8 5 Co 1 5/MrQ x/Co7FB2Ni/MgO/C<ifi^e2/NKMfi 
(20nm) (tnm) finm) (Znm) C&mO C20nttd 


14.1 


6.6 




g 


NiBSOol 5/AIOx/Co?Fo2Ni/AI20a/Ce8F62/N fMn 
(13^ (05nm) (3fim) 0.3ran) (5nm) C22ron) 


17.3 


7 


17 


7.2 


NB5C©1 S^Qjc/Fe/M^O/CoePeS/N lO/NiMn 
(5nnO (OJnmXlOnmXl.7nmX8nm)CO£ni7iX30fmi) 


17.8 


&0 


17 


£fi 


Ni85Fo15/A»Oj^CoaPt2/AI203/Co8Pl2^Ja%i 
(9nm) (D3nm)M (lAnro) (finm) C20nm) . 


185 


7.8 


18J5 


8 


C7nm) (05nm> (<VnmXl 5nm) (5nm) Cl*w>) (7nm) (20hm) 


155 


7.3 


15.2 


7.8 


NiftSCe 1 5/QdOx/Ck>7F©2(^ASZOa/Cc8F»2/N Mn 
(18nm> (1w0 (3nm) <tmn) Urof) <22nm) 


14* 


7.1 


14.3 


as 


F«/AIN^Cof«/AW/Oo$Pd^>tMn9 

{ 1 0nmXO.Bnm) (1 .7nrnX2nmX5nmX20nra) 


13 


9 


12.6 





ttt&0|l~3 

*rt?&mms&UM9>\>-?X9Z:m^-C. SiO, 1 
ms£UA\i O, 3«Jb(CN i..F e,,£30nmgj§ 

ESLfcUtKHON i -F eT»©#<Wffi<Z>Kfc:*Jlr> 
tT. fcfigSSr^ + WCfcjiAU CufcJ:Wi-Fe 
£®tffcL/cfc<Z>, *fcNi,,Fe J .*:30nm§5«O;fc& > 
^ft.h*£fflfc£ALft*>-3fcfcor><D 3SS£ftS?l, 
fc. 

[0083] &lvc. -tft6<D±5CC o, Fe (2nm) * 
fifiKU SfcfcA 1 cum) *&Ml,-Czf ; ?X'?mtL1c 
-eOJbfCCo, Fe(10nra)/I r,.Mn..(l4r«0£ 
rmLtc. S»<DfiBRliN i„Fe„, Co, Fe, C 
u. Al. I r„Mn,.i$-y> htl, Ar^E 

IX 10" ' TorrT •? ^^fT-^ffc, 

[ 0 0 8 4 } Ni„Fe„/CuO, /Co 

, Fe/Al' O, /Co, Fe/I rMn (mm 
1) . Ni,.Fe I( ,/Ni -Fe-O, /Co, Fe/ 
A 1,0, /Co, Fe/I rMn <Jt«#i2) . Ni 
p.Fe„/Co s Fe/Al, O, /Co, Fe/Ir 
Mn <imm) 0&&&V>80um* h 

[00853 *<DGt S>8*£ 300*C«:'C@«4»JgS*ia«' 
*H2 1~02 3(CSt, cn^CDStC^TJl^K. fig 



mm&<D$>im**n&x tr act*. 

[0 08 6] gfcfcm 

^>^iia*j«fc^^^v^^!&«( r »r. s i o,' s 

«*J,i:tfAl, O, g#Lh(CF eSr20nngJIU -€-©± 

30 &<r>T, Co, Fe, Qm) fcEflRU f ©±KA l 4 
1m&£ll,X7'7X-7mtlrtc&, Co-Fe-Pt* 

Ltc. -ecD-hfcCo, Fe4 2nmfe*ll,fc&. Pt-M 
n£2CnmliSjabftu SJ8©Jj8g«: F e . Co. F e, . 
Co, Fe, Pt, . Al. Si. PtMn, 
v Ar^BE lxior'Torr'C^-'ti'^^-? 

[0 08 7] F e/S i O. /Co. Fe, 

/Al, O, Co-Fe-Pt/Al, O, /Co, F 
40 e/P t -Mn«j§<D»/im 1 fl© 2Sh>*^S^* 
flSlLfc. *<D^, I*f4«r 250*C{crS5tacfijS^i S -r^ 

[ 0 0 8 8 ] ±IB h >*JU^« 270'CK: , CSl^|fflr- 

•e©lfe»^S 2 4 K^f. ® 2 4 fc^t J: ^ fC, ig!S^ 

50 bfc. 
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19 



C 0 0 8 9 ] *fc s h >*}lt&£<m&ftf2ifi S j 
O, . A 1 N, MgO, Bi, O f . Ms F 2 , CaF 

fegfc^Ulfc. FeiCo, FeiiOiKSyfeCo 
-F e £K> bmitL^-titi&JglZ^ Co-FeiDtffi 
{fcL-*»-n»^R-C*n«<t < . Al, Mg, Ti. V. 
Mn. Cr, Zn. Ca, Li. G6f2t'&mMc±$ 

[0 0 9 0) mb&3 

^•i^iSB^lut, SiO, ggfcJrtfAl, O, 
SSlKNiMFe,,* 7ret6l«Lfca. A 1 C0.7nm) 

tc. fr^-C. Co£fe«Co, Fe(1.5nm) Zf&BLbtc 
&fcCu£5H8U -?-<D_b{CC o C3nm) / 1 r„Mn,, 
(l4nm) SfettCo, F e C3nm) /I r,,Mn,,a4nn) 
£fl3SUfe. &J§<9*t$Jg{;}:N i,,Fe,.. Co, Fe, 
Cu, A l**-y* hit. Ar*XE lXwr'Torr 
TX^vifrfcff^fe. 

[0 09 1 ] *<DJAA. N i„Fe„/A 10, /Co 
, Fe/Cu/Co, Fe/IrMn, Ni„Fe,./ 

a i o, /c o/c u/c o/ 1 r Mtin&vmxmm 



20 



coo92] ±&m*m&m®)ga&* 

«<£>8*£5£&£i8^fe. -e<Dij^**ia2 5fC^„ 02 

10 *?£*Ht£^l,fe. 

[0093] g^W^ 
©#SBtk£)5®#A g . Au. Cu-Au. Cu-A 
g, Cu-Ni©i*fcK»<Z>«lSl«r^b. g^^ffii 

fe. £fe. Ni-FeiCo, F e SfettC o toolfflfc: 
S^fcCo-F e-£Co«fc»)i>&ttC-?>-ru£JStt. C 
o-Fe*Co<fct> fc^fcU-«'-n>7C3S-C4 > ntfJt< . 
Si. Mg. Ti. V, Mn. C r. Zn. Ca. L. 

20 i. Gd*k-% motets bmm<m& , %.ms&?>H 

[0094] 
[312] 

(T— — A- ; 2T0RC1 OOh) 



Sampia 




Hk(Oa) 


MRCW 


Hk(CUD 


Ni83F«1 7/SXWCo8Fo2/WCo/PtM^B 
C5nm) (0.8mm) (2rm) C2nmX4wnXZ0nm^ 


7.3 


7 


ll 


8J0 


Ni80Fe2tVAINv'C^Fa/Cu/Co9Ffly1r2MnS 
C7nn0 (0.7nm> (3nm) (i2rnnX3«mJ(14wn) 


82 


6.6 


8B 


7-S 


N,8 1 F«l »/C^ vWCWCo/PtMn9 
02nn0 (0^nm)(1rrmX2fwi0f3iBnX22ftm) 


7* 


! 7,3 


7.7 


7.7 


N»3F«» 7/AIN*/C»7F*3/CM/Co8F«^tWi* 
(4nm) (Inro) flnm) C1.5nmXSnfnX20nm} 


a* 




8.a 


6 


(20nm) (Iran) fZnm) fenm) (3rmiXk8nraX3nm) C^Oron) 


84 


aa 




8 


C2PM0 (1nm) (2nm) C2nm) (3r»nX0AiniX3niii) CSOnm) 


a.1 


&s 


HJ 


fi 


NiSSFol S/AlOie/Co7FB2NS/Cu/Co8Fa2/NiMR 
(13nm) COSnm) (3nm) (2 Jnml pnm) pinm) 


7.3 


814 


7 


«2 


N»6Col 5/M«Ox/Co9F»/Cu/Co8F^/NiO ^ ™"~ 
(5mri (O.7nmX3nmX1.7rniXBnniXa0nm3 


12-a 


82 


12 


83 


NiBSFe! 5/A!OxA>>8F«2/CWC<>8P©2/NiMn 
<9nro) (OJBnm) C4nm> H^nmJ Cflnm) (20ryn) 


7* 


7-8 


73 


as 


WMrvtoBFe/CutoOFo/AlCh^ 

(Z2nmX5nm) (2nmX1 imm? C0.3nm) C7*m) feSmi) (1 AwO(2nmX4«mX22™n) 


14.9 


83 


15J 


7^ 


PtMitf/Co9F«/Cu/OoSFa/AlO^ 

C20timX3nm)(1.7nmXlnm)(0^nm) (Bnm) (05«m) OnmXt.7nmX3runX20nm) 


153 


7.4 


113 


83 


r*Mn/Co^«/CVCo8F*/AK)x/NieFc^ 

(l5nmX3nm) (2nmX2nm) (0.7nn0 Onm] (0.7 nm) C2hmX2nmX3nmXl Snm) 


14 


8 


14.6 


8.7 


r«8SCAlS/AIOxA3oSFe/Cu/Coa=«2A^d/Co/NOIIn (77K> 
(5nm? (0Jr»rt0C2mnXr7nmX3ronX3nfiiX3mnX30hm) 


185 " 


102 


18 


10^ 



JilCN i „F e,,^ 7nx&M\sic& s Cu(0.7nm) 



50 <0(D «S«rfRRL/^„ ^C^"C, ^Q_htcCo» Fe 
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21 

(1.5nm) *s£VC\i*tfmi,tZ&. f©±KCo, Fe 
(3nm) /I r,,Mn, 0 (14nm) : £f£iil'fc. &m<DfSmz 
Nii.Fe,,, Co. Fe. Cu, Al, I r„Mn„ 
Yvbtb, Ar^JEE XXvr'TorrXZ/1 y £ 

[0 0 95] *<DiSS. N i„Fe,./CuO, /Co 
, Fe/A 1, O, /Co, Fe/I rMn (Jt^W 
4) , Ni..Fe,,/Nj -Fe-O, /Co, Fe/ 
A1,0, /Co, Fe/I rMn (J±g?fll5) . Ni 
„Fe„/Co s Fe/AI.O, /Co, Fe/Ir 10 
Mn UfcRMB) O^iSCDE^iS^gfn^^SdF- (* 

*f*sufc. f$ft* 3oo-ccct 

ttWM&at/. I rMn©^O? + >^fiKfi±'C90 
[0096] _k£X£>/W:7j|t 270*C-CS^Pb1T- 

T, B3*gtt8MMB^9 F. SBSiffitiSfi* 20 

fc. 

[0097] 8KM4 

^A-^ga^^j^x^ifflw, mutts i 

SfeJbCCN i -F«e40raMUfcfe A 1 N£ lraf£ 

JRU *<t>±KCo. Pt, R« SnmgJaSLfc. 

■C. Co, Pt, iSiO, Co 

■ pt, isio, v&mtb&fo i:i{c& z> ksncmm 
*>^&*i6jsaiS^T5i. <co. pt, -sio, y 30 

5-A7-/S iO, ) ©»tK«»eoirOT):WPK3*i 
fc. *cofcCCS i O, IrwfiaSUfc^ Co' F e 



#^2000-20922 
22 

£30nitfJSJgl.fc„ ^<D|g<DA r IXiO-'Torri 

(0098]^t. Ni -Fe/A IN, /Co. 
Pt, /SiO, / (Co, Pt.-SiO, ^5-.* 
-5-/S i O, ) /C o, iSitcDsoum * n<i>®M&tr 

t, -sio, y?-*y-}a±mtt&itmin^^ 

N i -F e/A 1 N/Co, Pt, . Co, Fe«©t 

m<o t * ?• y s/^i»ia*JHaf s **fc. 

[ 0 0 9 9 ] ±12 F 270'CV&miT~- 

jizmK wHmmmmwvmsem&twwt. *© 

SfcSti5t/i8MM$14B:#f 40e tK^/^KWa-cmtK. 

fc. 

[0 100] h>*;M££©gS«Wg#A 1, O, , A 
IN. MgO> Bi, O, . MirF, , CaF, ©<!:* 

fci^*i©«isi£^u his*}i>m-&D%&ft®. fiatts 

©a®. &&!81^©^K&#W|5Jtgi©«£*£7SL, 
fc. £fc. Ni-FeiCo-Pt i^tC^fcC o 
-P t <fc 0 fc^bL^-n^^Stf, Co-FeiOtf 

{fcu^-rc>7csrc*n«J:<. si, m ?1 Ti. v. 

Mn. Cr. Zn. Ca. Li. Gdfc<fc*£fljVfc£ * 
*>P@©&£5e&#*96tifc„ te©]g£«>$©0!!:fc<J:t^ 
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